Abstract
Introduction
Climate changes are already facts affecting ecosystems, economy and human well-being. A growing number of studies indicate that the world is warming and will continue to warm as the concentration of greenhouse gases rises in the future (Seo and Mendelsohn, 2008a) . Human activities, supported by economic growth, are considered one of the main determinants of climate change. In particular, the increasing population size and the increasing consumption of high fossil fuel energy, both for domestic use and for the industrial sector, as well as land use patterns, are the main factors influencing greenhouse gas emissions (Semenza et al., 2008) . According to IPCC (2014) , since 1950s greenhouse gas emissions due to anthropogenic activity showed the highest rates of growth in history: nowadays, CO2 atmospheric concen-trations and methane are the highest of the last 800,000 years. This has contributed to altering the Earth's energy balance, which is highly sensitive to such changes (Lanfranchi and Giannetto, 2018) . The alteration of the earth's energetic balance is associated with the occurrence of extreme weather events, change of temperature and seasonal changes of weather (IPCC, 2014) . This has important implications on the agricultural sector, indeed, the influence of changing climate conditions on agriculture is growing since the primary sector is the main user of water and land (Fezzi and Bateman, 2012; Ciscar et al., 2011) . Production and quality of cultivated crops and their water use are directly influenced by local climate variables and atmospheric CO2 (Ciscar et al., 2011) , such that, climate change has an important effect on the sustainable development of agriculture and food production.
If on the one hand agriculture is considered as a major contributor of global greenhouse gas emissions, which in turn contribute to amplify climate change effects, on the other hand, global food production is also among the sectors to be most affected by climate change (Ciscar et al., 2011) . It has been argued that the problem of climate change can influence food availability: since saltwater intrusion and change in local climates may affect crop productivity; access to food: by changing the ability to produce food or by enhancing the price of agricultural commodities; and use patterns: by forcing a crop switch towards more adapted crop, for example from rice to wheat (Van Passel et al., 2017; Bozzola et al., 2017; Iglesias et al., 2012; Gupta, 2012) . While in developing countries climate change has already heavily shown its effects, a common perception in Europe seems to be that climate change is something that is to be expected in the future (Potthast and Meisch, 2012) . According to some studies, precipitation and the occurrence of extreme weather events will increase during the next years. The mean temperature in Europe is expected to increase by 2.1°C to 5.3°C by the end of this century. The entity and stress imposed by climate change on production in agriculture highlight the regional differences among European countries (IPCC, 2014; Bozzola et al., 2017; Donatelli et al., 2012; Iglesias et al., 2012; Ciscar et al., 2011) . The average temperature in Europe has continued to increase with regionally and seasonally differences. In Northern Europe, climate change may have positive effects through increases in productivity and in the range of species grown, although there may be negative effects on the quality of surface waters for agricultural use (Bindi and Olesen, 2011) . Conversely, Southern Europe could be subjected to higher yield losses (-25% by 2080 under a 5.4°C, Ciscar et al., 2011) , with a greater risk of damage and failure (IPCC, 2014; Ferrara et al., 2010; Bindi and Olesen, 2011; Ruiz-Ramos et al., 2011; Van Passel et al., 2017; Bozzola et al., 2017) .
Studies on climatic projections in Europe for the current century showed that the Mediterranean is a potentially vulnerable region to climatic changes as induced, for example, by increasing concentrations of greenhouse gases (e.g. Lionello et al., 2006a; Ulbrich et al., 2006) . Indeed, the Mediterranean region has shown large climate shifts during the last century and it has been identified as one of the most prominent "Hot-Spots" in future climate change projections (Giorgi and Lionello, 2008; Giorgi, 2006; Luterbacher et al., 2006) . Since agriculture is an economic activity strongly dependent on climate setting and particularly responsive to climate changes, it is important to understand how such changes may affect agricultural profitability in the Mediterranean region.
Sicily is the largest island of Italy, located in the middle of the Mediterranean sea, in which climate is characterised by hot summers, mild winters and very changing middle seasons. Rainfall is generally scarce in late spring and summer proving to be insufficient to ensure water supply in some cities. Agriculture is one of the most valuable economic resources of Sicily thanks to the variety and quality of productions. The production of cereals, in particular wheat, is remarkable, as well as the cultivation of olive trees, citrus trees and grapevine. These crops assure higher revenues compared to cereals production, thus forecasting the impact of climate change on their profitability could provide useful indications in order to adopt measures aimed at minimizing the climate impacts, through specific adaptation strategies.
2. Ricardian approach used to assess the impact of climate change on agricultural profitability: a brief review of the literature Different approaches have been used to understand the impacts of climate change on agricultural profitability (Fezzi and Bateman, 2012; Mendelsohn e Dinar, 2009) . At the beginning, there were two main approaches to assess the impact of climate change (Mendelsohn et al., 2007) : one way is to run simulation models, the parameters of which have to be obtained from controlled experiments; the other way is to conduct a cross-sectional analysis observing the economic system across different locations in order to determine how the system may adapt to different climates. This model, usually referred to as a Ricardian approach and has been developed to explain the variation in the value of land per hectare across different climatic areas (Mendelsohn et al., 1994; Mendelsohn and Dinar, 1999; Mendelsohn et al., 2001; Mendelsohn and Dinar, 2003; Seo et al., 2005; Seo and Medelsohn, 2008; Bozzola et al., 2017) . The Ricardian model regresses land value (or net revenue per hectare) against long term climate and other control variables. According to this model, cross-sectional observations concerning different climates reveal the climate sensitivity of farms in different geographical areas (Mendelsohn et al., 1994; Kabubo-Mariara et Karanja, 2007; Seo and Mendelsohn, 2008b; Mishra et al., 2016; Wood et al., 2015; Wang et al., 2009) . More in depth, this approach takes an underlying production function and estimates impacts by varying one or a few input variables, such as temperature and precipitation (Mendelsohn et al., 1994) . Van Passel and colleagues (2017) in a Ricardian analysis on European agriculture showed that the effects of the climatic variables are different across European countries, due to different average values of temperature and precipitation. This study provided indications of how changes in climate would affect European farms in the future. In particular, while an increase in temperature is beneficial for Northern European countries, it could be harmful in Southern European countries, including Italy (Bozzola et al., 2017; De Salvo et al., 2013) .
Conversely, an increase in precipitations would benefit most European countries with exception of Scandinavian countries.
To the best of our knowledge, there are only two studies applying the Ricardian approach to assess the expected impact of climate change on Italian agriculture (Bozzola et al., 2017; De Salvo et al., 2013) . Bozzola and colleagues' study (2017) deals with the impact of climate change on the whole Italian agriculture, while the De Salvo and colleagues' analysis focuses on the impact of climate change in an Alpine region; no knowledge currently exists for a specific Mediterranean area.
The aim of the present study is to assess the expected impact of climate change on agriculture on permanent crops cultivated in Sicily region (Southern Italy). The results of this study may contribute to the academic debate on the effect of climate change on the agricultural sector. Moreover, if there is enough climatic variation across the sample, the Ricardian cross-sectional analysis can provide a preliminary picture of regional agricultural systems vulnerability to climate change.
Method and model specification
The Ricardian model assumes that each farmer wishes to maximize income, subject to the exogenous conditions of their farm (Seo and Mendelson, 2008a) . Specifically, the farmer chooses the crop and inputs for each unit of land that maximizes income, as it is expressed in Equation 1 (Mendelsohn et al., 1994) :
where π is net annual income, P qi is the market price of crop (or livestock) i, Q i is a production function for crop i, X i is a vector of annual inputs, such as seeds, fertilizers and pesticides for each crop i, L i is a vector of labor (hired and household) for each crop i, K i is a vector of capital, such as tractors and harvesting equipment for each crop i, IR i is a vector of irrigation choices for each crop i, C is a vector of climate variables, W is available water for irrigation, S is a vector of soil characteristics, P x is a vector of prices for the annual inputs, P L is a vector of prices for each type of labor, P K is the rental price of capital, and P IR is the annual cost of each type of irrigation system.
If the farmer chooses the crop or livestock that provides the highest net income and chooses each endogenous input in order to maximize net income, the resulting chosen net income will be a function of just the exogenous variables (Equation 2; Mendelsohn et al., 1994) :
With perfect competition for land, free entry and exit will ensure that excess profits are driven to zero. Land rents will consequently be equal to net income per hectare (Ricardo, 1817; Mendelsohn et al., 1994) . Land value will then reflect the present value of net revenue for each farm.
The Ricardian model regresses land value (or net revenue per hectare) against long term climate variables and other control variables. Then, projecting in the future the estimated relationship between economic performance and long run climate variables allows accounting for climate impact (De Salvo et al., 2013; Mendelson et al., 1994) . The choice of the dependent variable between land value per hectare and net revenue (NR) per hectare largely depends on data availability, although none of the two choices is free from defects ).
Data collection
Our analysis is based upon structural and economic data from 130 individual farms specialized in grapevine, citrus trees and olive trees growing in Sicily region, included in the Farm Accountancy Data Network (FADN) 1 , which are considered representative of Sicilian farms.
In this study, annual NR per hectare is used since it is easily calculable from FADN and it produces the best goodness of fit, as it is obtained from gross revenue minus explicit costs (i.e. miscellaneous farm expenses, etc.), with the exception of implicit costs associated to the resources owned by the farmer (i.e. farm capital and household members labour).
The formulation of the Ricardian model adapted to individual farms is:
Where y i is equal to annual NR per hectare of farm i, C ij is a vector of the j long term climatic variables associated to each farm, and K in is a vector of n farm variables that could explain farm profitability (control variables); while e i is the error term.
As Mendelsohn and colleagues (2007) suggested, we combined more years of data in order to reflect more than a single year effect. Therefore, we extracted from the FADN panel for Sicily the latest available data, including the year 2014 and 2015 2 , from which we calculated the average values for all variables utilized for the estimation.
Although most Ricardian model applications use seasonal climate variables (Van Passel et al., 2017; Mendelsohn and Dinar, 2009 ) since seasonal differences in temperature and precipitation have a significant impact on farmland productivity, the present study, similarly to other studies on small size areas (De Salvo et al., 2013; Fleischer et al., 2008) , did not use seasonal data but average annual temperature and average monthly precipitations. Concerning the control variables, we tested the effect of several structural and strategic variables. Given the endogenous nature of irrigation, we modeled it by calculating the incidence of irrigated farmland on Utilized Agricultural Area (UAA) in order to control its impacts on farm's income. Regarding the output (market price of crops) and input prices (e.g. fertilizer and pesticides) we assume firstly that in a small area such as Sicily, farmers share the same input and output prices and secondly that the effect of price is disaggregate. The UAA was considered as a proxy variable of farm physical size and was introduced in the model as a quadratic term as suggested by Mendelsohn and colleagues (2010) . We could not use soil characteristics as a control variable because it was not easily available for each farm included in the sample. We introduced a new dummy variable which distinguished the sample of farms according to the zone where they are located: coastal vs. inland zones. This variable was however too strongly correlated with the temperature detected in the thermo-pluviometric stations located near the sample farms. We also considered the degree of land slope for each farm (basically flat vs. steep). Other control variables we added in the model concerned both the number of farm land allotments, which characterize the Sicilian farming system, and water requirements of crops grown on the farms; the latter categorized as olive trees = 1, grapevine = 2, and citrus trees = 3, ranked on the basis of crop water requirements. Total horsepower per hectare has been considered in this study as a proxy variable of mechanization degree. Similarly to De Salvo and colleagues (2013), we introduced a dummy variable which aims to identify young entrepreneurs (according to Italian law) as a proxy variable for farmer's age. Individual family farms have been distinguished from organized farms via a dummy variable. The availability of information on quality certifications adopted by the Sicilian farms of the FADN panel allowed us to test the effects of both organic certification and other certifications (e.g. PDO and PGI) on NR per hectare by using dummy variables. Moreover, climatic projections of Ensembles EU project (2009) were used, which provide the representation of climate in a 30-year period: 1961-1990 (the reference period) and 2021-2050. The final list of the variables used in the model is shown in Table 1 .
A quantile regression was implemented in order to study the impact of a set of variables (climatic variables and control variables) on the outcome variable, NR per hectare. This method provides a complete picture about the relation- ships between the outcome of y (NR/hectare) and the regressors x i (climate variables and control variables) at different points in the conditional distribution of y. Moreover, quantile regression permits us to study the impact of such variables on both the location and scale parameters of the model, allowing a richer understanding of the data (Cameron and Trivedi, 2005) . In our case we ran a y 0.50 regression, choosing the median as a statistical indicator of central tendency since a median regression is more robust to outliers than a mean regression. Finally, it does not need any assumption about the parametric distribution of regression errors, since median regression is a semiparametric approach.
Results and Discussion
The results obtained describe the effect of explanatory variables -climatic variables and control variables -on NR per hectare of the farms of Sicilian FADN panel (Table 2 ). Concerning regressors' signs and significance, the model shows that water requirements, young entrepreneur, squared UAA (UAA^2), organic certification and farmland slope are not significant. The coefficient of legal form is positive and statistically significant, showing that the organized form of entrepreneurship affects the annual NR per hectare.
As expected, also the incidence of irrigated UAA and total horsepower showed a significant and positive relationship with the dependent variable. Even the coefficient of farmland allotments is significant, although the sign of the coefficient shows a negative relationship with NR per hectare. This is a reasonable explanation, since the greater the number of farm land allotments, the higher production costs are likely to be. Looking at the quality strategies, having adopted a quality certification (e.g. DPO and PGI) is significant for the farms observed. Focusing on climatic variables, the results of the econometric model highlight that in the Sicilian farms the temperature has a negative relationship with the annual NR per hectare, while monthly precipitations show a positive relationship with higher NRs.
Turning now to the main aim of the present study, we evaluated the impact of predicted climate change scenario in the Mediterranean region on Sicilian farms' NR per hectare. Concerning the climatic projections for the current century, we used Ensembles EU project (2009), which provides the representation of climate in a 30-year period: 1961-1990 (the reference period) and 2021-2050. According to the EU project Ensembles, in the period 2021-2050, the average increase in temperature in the Mediterranean region is roughly estimated at +1.5°C, with a peak in summer. Moreover, an average decrease of about 7.5% of the total annual precipitations amount is projected. By calculating the predicted NR per hectare for each observed farm in accordance with the variation of each climate variable and considering the control variables with at least 20% of statistical significance, we evaluated the expected relationship between NR per hectare and climatic variables (temperature and precipitations). The expected impact of climate change on farms profitability is shown in Table 3 . More in depth, the period 1961-1990 represents the reference scenario (A1), while the future scenario (A2) is 2021-2050. NR per hectare is forecast for each farm separately according to the two scenarios. Following average value and 95% confidence intervals are calculated on the predicted NR per hectare. The difference between NRs calculated on the reference scenario (A1) and those ones determined on the future scenario provides point and interval estimates of climate change impact. The median regression predicts a decrease of annual NR per hectare equal to 891.48€/ha for the whole sample, correspondent to a 39% loss. This result suggests that climate change is expected to reduce profitability in the Sicilian farms sample. This reduction is in line with what has been found in previous analyses on Italian regions and Africa, where an increase in temperature and a decrease in precipitation for 2021-2050 lead to a reduction in annual NR (De Salvo et al., 2013; Kurukulasuriya and Mendelsohn, 2008) . The main statistical measures for the two scenarios are reported in Table 4 .
Focusing on the different NRs by crop grown in the Sicilian farms of the FADN panel, it emerges that crops respond to climatic variations in a different manner. In particular, as it is shown in Table 5 , with an increase of 1.5°C of temperature and a decrease of precipitations of about 7.5%, the predicted average NR of olive trees is almost the same, but with an increase of more than 50% in the median value of NR. The scenario A2 is completely different for grapevine and citrus trees, where the average NRs collapse by 38% and 51% respectively, while looking at the median value, losses seem to be smaller, except for citrus tree where the predicted NR median reduction is 20%.
Olive tree's NR surprisingly maintains the ex-ante level, besides the median NR is far higher than the reference period. This result might be due to its lower water requirements and its resistance to critical environmental fac- : 1961-1990 17.14 50.11 2,287.11 (-5,421.57 ; 9,826. tors (Simeone et al., 2013; Fernàndez and Moreno, 2000) . This implies that olive tree could be fully taken into account by Sicilian farmers in their future adaptation strategies, especially as a valid alternative to crops which exhibit a higher sensitivity to climate change, as in the case of citrus tree and grapevine. According to these results, at current conditions, climate change will affect the whole Sicilian farms system by producing a predicted overall loss in NR equal to more than 234 million euros in 2021-2050 period. Therefore, effective adaptation strategies need to be fully taken into account by farmers to reduce climate change effects (Alrusheidat et al., 2016; Brance et al., 2015) , and this could be carried out by implementing suitable EU measures which encourage farmers to adopt technological innovation, such as precision farming, allowing farmers greater precision in their daily activities but also helping improve the quality of weather forecasts, crop monitoring and predicting yields. With reference to our findings, if on one hand, similarly to De Salvo et al., (2013) , the present study demonstrates that Ricardian approach may be suitable when applied to a small geographical area; on the other hand, from a statistical point of view the study presents, however, some limitations, mainly attributable to the large data variability, which in turn, may be influenced by the small size sample. This is particularly true for the sub-sample of olive tree farms that in our study is characterized by only 21 observations, which makes a generalisation of results very difficult.
Conclusions
This is the first study which explores the impact of climate change on Sicily, a small Mediterranean region of Southern Europe. To understand the impact of climate change on permanent crops a Ricardian analysis was used. In particular, this approach takes an underlying production function and estimates impacts by varying one or a few input variables, such as temperature and precipitation. In order to test the relationship between the outcome variable, NR per hectare, and climatic variables, as well as control variables, a quantile regression was performed. Considering Ensembles' climate projections for 2021-2050 forecasting an increase in temperature of about 1.5°C and a decrease in precipitations of about 7.5%, median regression predicts an average reduction in annual NR per hectare of 891.48 €/ ha, corresponding to a 39% loss. However, it is worth noting that in our sample the cultivations respond in a different manner to projected climatic variations. In particular, citrus tree and grapevine showed strong reductions in annual NR, equal to 51% and 38% respectively.
This implies that climate change will strongly affect the economic sustainability of Sicilian farms. Currently, the EU policy offers support to farmers who find themselves in financial difficulties. For example, in September 2017, it allowed 15 member states to increase advance payments to farmers affected by difficult climatic conditions. This increase was aimed at direct payments and some rural development payments for farmers, increasing the amount that could be paid from 16 October 2017 from 50% to 70% of the total amount for direct payments and from 75% to 85% for rural development payments.
In the future, this could affect the financial capability of EU, therefore effective adaptation strategies need to be early taken into account by Sicilian farms. However, further research is needed, in order to overcome some intrinsic limits characterising the farm sample, which makes the inference of the above results to the overall population of Sicilian farms rather complicated.
Therefore, further analyses might include the selection of a larger sample, preferably through face-to-face interviews with farmers, from where to collect and process a larger amount of control data, concerning for example, farm georeferentiation. This might allow us to obtain more precise information about soil, orography and topography characteristics of farmland, with a consequent improvement in the overall quality of sample data.
Moreover, with an enlarged sample, seasonal climate data might be implemented to measure more in depth the climate sensitivity of Sicilian agricultural sector.
